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We develop the ﬁnite ﬁeld-dependent BRST (FFBRST) transformation for arbitrary spin-s conformal ﬁeld 
theories. We discuss the novel features of the FFBRST transformation in these systems. To illustrate the 
results we consider the spin-1 and spin-2 conformal ﬁeld theories in two examples. Within the formalism 
we found that FFBRST transformation connects the generating functionals of spin-1 and spin-2 conformal 
ﬁeld theories in linear and non-linear gauges. Further, the conformal ﬁeld theories in the framework of 
FFBRST transformation are also analyzed in Batalin–Vilkovisky (BV) formulation to establish the results.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.1. Introduction
Conformal ﬁeld theories (CFT) [1] have been at the center of 
much attention during the last seventeen years mainly because
they provide models for genuinely interacting quantum ﬁeld theo-
ries, they describe two-dimensional critical phenomena, and they 
play a central role in string theory, at present the most promising 
candidate for a unifying theory of all forces. Much attention has 
been given to conformal ﬁeld theories in higher dimensions due to 
their role in the AdS/CFT correspondence [2,3]. AdS3/CFT2 is one 
of the most hot topics nowadays as it may be amenable to the in-
tegrability approach that proved very successful especially in the 
case of AdS5/CFT4 [4]. The AdS/CFT correspondence has also been 
investigated for scalar ﬁelds [5–7], gauge ﬁelds [7], spinors [8], 
classical gravity [9] and type IIB string theory [10,11]. The AdS/CFT 
correspondence is used to calculate CFT correlators from the clas-
sical AdS theories of vector and Dirac ﬁelds and the connection 
between the AdS and boundary ﬁelds is properly treated via a 
Dirichlet boundary value problem [6].
Recently, in the framework of gauge invariant approach in-
volving Stueckelberg ﬁelds the totally symmetric arbitrary spin-s 
anomalous conformal current and shadow ﬁeld are studied and 
gauge invariant two-point vertex of the arbitrary spin anomalous 
shadow ﬁeld is also obtained [12]. In Stueckelberg gauge frame, the 
two-point gauge invariant vertex becomes the standard two-point 
vertex of CFT. The logarithmic divergence of the BRST invariant 
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SCOAP3.action of arbitrary spin-s canonical shadow ﬁeld turns out to be 
BRST invariant action of arbitrary spin-s conformal ﬁeld [13]. The 
BRST invariant action of conformal ﬁeld interprets geometrically 
the boundary values of massless AdS ﬁelds [13]. The study of BRST 
quantization which helps in proving the renormalizability of gauge 
theories is extremely important in the context of CFT.
Although BRST symmetry has been discussed for conformal 
ﬁeld theory [13], the generalization of it by making the parame-
ter ﬁeld-dependent, so-called FFBRST transformation, has not yet 
been investigated. The FFBRST formulation, which was introduced 
for the ﬁrst time by Joglekar and Mandal [14], has been studied 
considerably in various contexts [15–28]. For example, such for-
mulation helps in calculating a correct prescription for poles in the 
gauge ﬁeld propagators in noncovariant gauges by connecting the 
covariant gauges and noncovariant gauges of the theory [15,18]. 
The celebrated Gribov problem [29,30] of QCD has also been ad-
dressed through FFBRST transformation in Euclidean space [20]. 
Further, such formulation has been investigated for YM theory ex-
plaining low-energy dynamics via Cho–Faddeev–Niemi (CFN) de-
composition. So, it is worth analyzing such formulation at both 
classical and quantum levels for conformal ﬁeld theories. This pro-
vides a motivation for the analysis of FFBRST transformation in 
conformal ﬁeld theory in present investigation.
We further like to extend our FFBRST formulation for CFT in the 
framework of Batalin–Vilkovisky (BV) formalism [31–35] which is 
one of the most powerful techniques to study gauge ﬁeld theories 
and allows us to deal with very general gauge theories, including 
those with open or reducible gauge symmetry algebras. The BV 
method provides a convenient way of analyzing the possible vio-
lations of symmetries by quantum effects [32]. It is usually used 
to perform the gauge-ﬁxing in quantum ﬁeld theory, but was also  under the CC BY license (http://creativecommons.org/licenses/by/4.0/). Funded by 
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the action and anomalies. The BRST-BV approach is successful for 
studying the manifestly Lorentz invariant formulation of string the-
ory [36].
In this paper we generalize the FFBRST transformation for arbi-
trary spin-s conformal ﬁeld theory by making the parameter ﬁnite 
and ﬁeld dependent. Within the formulation, we ﬁnd that the 
functional measure leads to a non-trivial Jacobian. This Jacobian 
can be exponentiated if it satisﬁes a certain condition. As a re-
sult the effective action gets modiﬁed. We compute the Jacobians 
for spin-1 and spin-2 conformal ﬁelds for particular choices of ﬁ-
nite ﬁeld-dependent parameters. We render that these calculated 
Jacobians play an important role in mapping of linear and non-
linear gauges. The analyzed BV formulation validates the results 
at quantum level. For BV formulation we extend the conﬁguration 
space by introducing antiﬁeld corresponding to each ﬁeld with op-
posite statistics. With such introduction of antiﬁeld the consequent 
extended action satisﬁes the mathematically rich quantum master 
equation.
The paper is presented in the following manner. In Section 2, 
we generalize the BRST transformation for arbitrary spin-s confor-
mal ﬁeld theory. We illustrate this generalization by two examples 
of spin-1 and spin-2 conformal ﬁelds in Section 3. We extend this 
formulation in the BV framework in Section 4. At the end we sum-
marize the results.
2. Constructing FFBRST transformation for arbitrary spin-s 
conformal ﬁeld theory
In this section we construct the FFBRST transformation for con-
formal ﬁeld theory following the method advocated in [14]. Let us 
begin with the effective action for arbitrary spin-s conformal ﬁeld 
theory deﬁned by1 [13],
Stot =
∫
ddx
[
s∑
s′=0
Ls′ +
s−1∑
s′=0
Ls′FP
]
, (1)
where
Ls′ = 1
2s′!
(
φa1...as′ (∂ l∂ l)νs′ φa1...as′
− s
′(s′ − 1)
4
φaaa3...as′ (∂ l∂ l)νs′ φbba3...as′
)
,
Ls′FP =
1
s′! c¯
a1...as′ (∂ l∂ l)νs′+1ca1...as′ , νs′ = s′ + d − 42 . (2)
This effective action is invariant under the usual BRST transfor-
mation for the collective ﬁelds ϕa1a2.....as′ (≡ φa1a2.....as′ , ca1a2.....as′ ,
c¯a1a2.....as′ ) for the conformal ﬁeld theory compactly as follows [13]
δbϕ
a1a2.....as′ = sbϕa1a2.....as′ δλ =R[ϕa1a2.....as′ ]δλ, (3)
where R[ϕa1a2.....as′ ] = sbϕa1a2.....as′ is the generic Slavnov variation 
of the ﬁelds ϕa1a2.....as′ written collectively and δλ is the inﬁnitesi-
mal anticommuting global parameter of transformation.
Now we make the parameter δλ ﬁnite and ﬁeld-dependent by 
interpolating a continuous parameter κ through ﬁelds which is 
bounded between 0 and 1. The inﬁnitesimal ﬁeld-dependent BRST 
transformation is constructed as follows [14]
1 We use the following conventions: xa denotes the coordinates in d-dimensional 
ﬂat space–time, while ∂a denotes the derivatives with respect to xa . Vector indices 
(a, b, c, e, . . .) of the Lorentz algebra so(d − 1, 1) take the values 0, 1, . . . , d − 1. We 
use the ﬂat metric tensor ηab in scalar products as follows: XaY a = ηab XaY b .dϕa1a2.....as′ (x, κ)
dκ
=R[ϕa1a2.....as′ (x, κ)]
′[ϕa1a2.....as′ (x, κ)], (4)
where the 
′[ϕa1a2.....as′ (x, κ)] is an inﬁnitesimal but the ﬁeld-
dependent parameter. The FFBRST transformation (denoted by δ f ) 
then can be obtained by integrating the above transformation from 
κ = 0 to κ = 1, as follows:
δ f ϕ
a1a2.....as′ (x) ≡ ϕa1a2.....as′ (x, κ = 1) − ϕa1a2.....as′ (x, κ = 0)
=R[ϕa1a2.....as′ (x)]
[ϕa1a2.....as′ (x)], (5)
where

[ϕa1a2.....as′ (x)]
= 
′[ϕa1a2.....as′ (x)]exp f [ϕ
a1a2.....as′ (x)] − 1
f [ϕa1a2.....as′ (x)] (6)
is the ﬁnite ﬁeld-dependent parameter and f [φ] is given by
f [ϕa1a2.....as′ (x)]
=
∑
i
∫
d4x
δ
′[ϕa1a2.....as′ (x)]
δϕ
a1a2.....as′
i (x)
sbϕ
a1a2.....as′
i (x). (7)
This FFBRST transformation leaves effective action of a conformal 
ﬁeld theories invariant. However, the functional measure changes 
non-trivially under such ﬁnite transformation.
Now we compute the Jacobian of the path integral measure 
deﬁned generically by (Dϕa1a2.....as′ ) for an arbitrary ﬁnite ﬁeld-
dependent parameter, 
[ϕa1a2.....as′ (x)], as follows
Dϕ′ a1a2.....as′ = J (κ)Dϕa1a2.....as′ (κ). (8)
The Jacobian J (κ) of the path integral measure is thus obtained 
as a functional of ﬁelds. So we exponentiate it by deﬁning a local 
functional S1[ϕa1a2.....as′ ] in the following manner:
J (κ) −→ eiS1[ϕa1a2 .....as′ (x,κ)]. (9)
Preserving the quantitative (physical) changes of the functional in-
tegral in conformal ﬁeld theory leads to the following condition 
[14]∫
Dϕa1a2.....as′ (x)
[
d
dκ
ln J (κ)
− i dS1[ϕ
a1a2.....as′ (x, κ)]
dκ
]
exp [i(Stot + S1)] = 0. (10)
The local functional S1[ϕa1a2.....as′ ] satisﬁes the following initial 
boundary condition S1[ϕa1a2.....as′ ]κ=0 = 0 to ensure J = 1, when 
ﬁelds do not change.
The inﬁnitesimal change in Jacobian, J (κ), given in (10), has 
the explicit expression in terms of 
′ as follows
d
dκ
ln J (κ)
= −
∫
dd y
[
±
∑
R[ϕa1a2.....as′ (y)]∂

′[ϕa1a2.....as′ (y, κ)]
∂ϕa1a2.....as′ (y, κ)
]
,
(11)
where, for bosonic ﬁelds, + sign is used and − for fermionic ﬁelds.
Therefore, performing FFBRST transformation changes the expo-
nential action of the generating functional given in conformal ﬁeld 
theory as following:∫
Dϕa1a2.....as′ eiStot −→
∫
Dϕa1a2.....as′ ei(Stot+S1), (12)
where Stot is the most general effective action for CFT given in (1). 
To illustrate these results we would like to consider speciﬁc exam-
ples in the next sections.
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In this section, we consider the two examples of BRST symmet-
ric conformal ﬁeld theory. We study the construction and imple-
mentation of FFBRST transformation on these theories explicitly.
3.1. Spin-1 conformal ﬁeld
The BRST invariant action for spin-1 conformal ﬁeld (a particu-
lar form of (1)) in linear gauge is given by
Stot =
∫
ddx
[
−1
4
Fab(∂ l∂ l)k F ab − b(∂ l∂ l)k∂aφa + 1
2
b(∂ l∂ l)kb
+ c¯(∂ l∂ l)k+1c
]
, k ≡ d − 4
2
, (13)
where ﬁeld-strength Fab = ∂aφb − ∂bφa . Here φa , b, c and c¯ are 
spin-1 conformal ﬁeld, Nakanishi–Lautrup ﬁeld, ghost ﬁeld and 
antighost ﬁeld, respectively. In terms of gauge-ﬁxing fermion the 
above action can be described by
Stot =
∫
ddx
[
−1
4
Fab(∂ l∂ l)k F ab + sb L
]
, (14)
where  L = c¯
[
−(∂ l∂ l)k∂aφa + 12 (∂ l∂ l)kb
]
. The fermionic rigid BRST 
transformations of the ﬁelds are
sbφ
a = −∂ac, sbb = 0, sbc = 0, sbc¯ = b. (15)
The generating functional for spin-1 conformal ﬁeld theory corre-
sponding to (13) is deﬁned by
Z L[0] =
∫
DφaDbDcDc¯ exp(i Stot). (16)
However, the BRST invariant action for spin-1 conformal ﬁeld in 
non-linear (quadratic) gauge is given by
Squadtot =
∫
ddx
[
−1
4
Fab(∂ l∂ l)k F ab − b(∂ l∂ l)k∂aφa − b(∂ l∂ l)kφaφa
+ 1
2
b(∂ l∂ l)kb + c¯(∂ l∂ l)k+1c + 2c¯(∂ l∂ l)kφa∂ac
]
=
∫
ddx
[
−1
4
Fab(∂ l∂ l)k F ab + sbNL
]
=
∫
ddx
[
−1
4
Fab(∂ l∂ l)k F ab
+ sb
(
c¯
[
−(∂ l∂ l)k∂aφa − (∂ l∂ l)kφaφa + 1
2
(∂ l∂ l)kb
])]
, (17)
which remains invariant under the same set of BRST transforma-
tions given in (15). Following the method given in Section 2, we 
construct the FFBRST transformation as follows:
δ f φ
a = −∂ac
[ϕa1 ], δ f b = 0, δ f c = 0, δ f c¯ = b
[ϕa1 ], (18)
where 
[ϕa1 ] is an arbitrary ﬁnite ﬁeld-dependent BRST parame-
ter.
Now, we construct a particular 
[ϕa1 ] to calculate the Jacobian 
for path integral measure whose inﬁnitesimal version is evaluated 
as follows

′[ϕa1 ] = −i
∫
ddx
[
c¯(∂ l∂ l)kφaφa
]
. (19)
Now we calculate the change in Jacobian with respect to continu-
ous parameter κ as follows1
J (κ)
d J (κ)
dκ
= i
∫
ddx
[
−b(∂ l∂ l)kφaφa + 2c¯(∂ l∂ l)kφa∂ac
]
, (20)
where we have utilized the relation (11).
To exponentiate the Jacobian we propose the following local 
functional
S1[ϕa1 ] =
∫
ddx
[
ξ1b(∂
l∂ l)kφaφa + ξ2c¯(∂ l∂ l)kφa∂ac
]
, (21)
where ξ1 and ξ2 are κ-dependent arbitrary constant parameters. 
Eqs. (20) and (21) together with (10) yield the following linear 
differential equations:
ξ ′1 + 1 = 0, ξ ′2 − 2 = 0. (22)
The exact solutions of the above equations satisfying the boundary 
condition (ξi(κ = 0) = 0) are
ξ1 = −κ, ξ2 = 2κ. (23)
With these identiﬁcations the expression of local functional be-
comes
S1[ϕa1 ] =
∫
ddx
[
−κb(∂ l∂ l)kφaφa + 2κ c¯(∂ l∂ l)kφa∂ac
]
. (24)
This is evident from above expression that at κ = 0 the functional 
S1 vanishes. However, at κ = 1 this takes the following form:
S1[ϕa1 ]κ=1 =
∫
ddx
[
−b(∂ l∂ l)kφaφa + 2c¯(∂ l∂ l)kφa∂ac
]
. (25)
So, according to (12), after performing the FFBRST transformation 
on generating functional the effective action (13) modiﬁes by
Stot + S1[ϕa1 ]κ=1 = Squadtot . (26)
Therefore, we observe that the FFBRST transformation on generat-
ing functional of spin-1 conformal theory in linear gauge changes 
the effective action from linear gauge to quadratic gauge within 
functional integral. Here we note that the FFBRST transformation 
amounts the precise change on the BRST exact part of the effec-
tive action. We construct the ﬁnite parameter in such a manner 
that Jacobian of the path integral measure amounts change in the 
BRST-exact part of the effective action.
3.2. Spin-2 conformal ﬁeld
The classical action for spin-2 conformal ﬁeld theory (a partic-
ular form of (1)) is given by
Sinv =
∫
ddx
[
Rablin(∂
l∂ l)k−1Rablin
− d
4(d − 1) Rlin(∂
l∂ l)k−1Rlin
]
, k ≡ d − 2
2
, (27)
where Rab is expressed by
Rablin =
1
2
(
−(∂ l∂ l)φab + ∂a∂cφcb + ∂b∂cφca − ∂a∂bφcc
)
. (28)
The gauge-ﬁxing and ghost action is given together by
Sgf =
∫
ddx
[
−ba(∂ l∂ l)k
(
∂bφab − 1
2
∂aφbb
)
+ 1
u2
(b − ∂aba)(∂ l∂ l)k−1(∂c∂eφce − (∂ l∂ l)φcc)
+ ba(∂ l∂ l)kba + 1
2u2
(b − ∂aba)(∂ l∂ l)k−1(b − ∂cbc)
+ c¯a(∂ l∂ l)k+1ca + c¯(∂ l∂ l)kc
]
. (29)
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Stot = Sinv + Sgf , (30)
which is invariant under following BRST transformation:
δbφ
ab = −
(
∂acb + ∂bca + 2
d − 2η
abc
)
δλ,
δbφ
a = −(∂ac − ∂ l∂ lca)δλ,
δbφ = u∂ l∂ lc δλ,
δbc
a = 0, δbc = 0,
δbc¯
a = ba δλ, δbc = b δλ,
δbb
a = 0, δbb = 0, (31)
where δλ is inﬁnitesimal, anticommuting parameter. The FFBRST 
transformation is constructed by
δ f φ
ab = −
(
∂acb + ∂bca + 2
d − 2η
abc
)

[ϕa1a2 ],
δ f φ
a = −(∂ac − ∂ l∂ lca)
[ϕa1a2 ],
δ f φ = u∂ l∂ lc
[ϕa1a2 ],
δ f c
a = 0, δbc = 0,
δ f c¯
a = ba 
[ϕa1a2 ], δ f c = b
[ϕa1a2 ],
δ f b
a = 0, δ f b = 0. (32)
To construct the ﬁnite ﬁeld-dependent parameter 
[ϕa1a2 ] we 
choose the following inﬁnitesimal parameter:

′[ϕa1a2 ] = −i
∫
ddx
[
c¯a(∂ l∂ l)k
(
φbφab − 1
2
φaφbb
)]
. (33)
The change in Jacobian under FFBRST transformation is calculated 
by
1
J (κ)
d J (κ)
dκ
= i
∫
ddx
[
−ba(∂ l∂ l)k
(
φbφab − 1
2
φaφbb
)
+ c¯a(∂ l∂ l)k∂bcφab − c¯a(∂ l∂ l)k+1cbφab
+ c¯a(∂ l∂ l)k∂acbφb + c¯a(∂ l∂ l)k∂bcaφb
− 2
d − 2 c¯
a(∂ l∂ l)kηabφb − 1
2
c¯a(∂ l∂ l)k∂acφbb
+ 1
2
c¯a(∂ l∂ l)k+1caφbb
− c¯a(∂ l∂ l)k∂bcbφa − 1
d − 2 c¯(∂
l∂ l)kηbbcφa
]
. (34)
Keeping the forms of effective action in linear and quadratic gauges 
in mind we make an ansatz for S1 in this case as follows
S1[ϕa1a2 ] =
∫
ddx
[
ξ1(κ)b
a(∂ l∂ l)k
(
φbφab − 1
2
φaφbb
)
+ ξ2(κ)c¯a(∂ l∂ l)k∂bcφab + ξ3(κ)c¯a(∂ l∂ l)k+1cbφab
+ ξ4(κ)c¯a(∂ l∂ l)k∂acbφb + ξ5(κ)c¯a(∂ l∂ l)k∂bcaφb
+ ξ6(κ)c¯a(∂ l∂ l)kηabφb + ξ7(κ)c¯a(∂ l∂ l)k∂acφbb
+ ξ8(κ)c¯a(∂ l∂ l)k+1caφbb + ξ9(κ)c¯a(∂ l∂ l)k∂bcbφa
+ ξ10(κ)c¯(∂ l∂ l)kηbbcφa
]
. (35)
The essential condition (10) together with (34) and (35) yields the 
following differential equations for ξi :ξ ′1 + 1 = 0, ξ ′2 − 1 = 0, ξ ′3 + 1 = 0, ξ ′4 − 1 = 0,
ξ ′5 − 1 = 0, ξ ′6 +
2
d − 2 = 0, ξ
′
7 +
1
2
= 0, ξ ′8 −
1
2
= 0,
ξ ′9 + 1 = 0, ξ ′10 +
1
d − 2 = 0. (36)
The exact solutions of these differential equations satisfying 
boundary condition (ξi(κ = 0) = 0) are given by
ξ1 = −κ, ξ2 = κ, ξ ′3 = −κ, ξ ′4 = κ,
ξ ′5 = κ, ξ ′6 = −
2
d − 2κ, ξ
′
7 = −
1
2
κ, ξ ′8 =
1
2
κ,
ξ ′9 = −κ, ξ ′10 = −
1
d − 2κ. (37)
With this solutions the expression of S1 reduces to
S1[ϕa1a2 ] =
∫
ddx
[
−κba(∂ l∂ l)k
(
φbφab − 1
2
φaφbb
)
+ κ c¯a(∂ l∂ l)k∂bcφab − κ c¯a(∂ l∂ l)k+1cbφab
+ κ c¯a(∂ l∂ l)k∂acbφb + κ c¯a(∂ l∂ l)k∂bcaφb
− 2
d − 2κ c¯
a(∂ l∂ l)kηabφb − 1
2
κ c¯a(∂ l∂ l)k∂acφbb
+ 1
2
κ c¯a(∂ l∂ l)k+1caφbb
− κ c¯a(∂ l∂ l)k∂bcbφa − 1
d − 2κ c¯(∂
l∂ l)kηbbcφa
]
, (38)
which vanishes for κ = 0. However, for κ = 1 this reduces to
S1[ϕa1a2 ]κ=1 =
∫
ddx
[
−ba(∂ l∂ l)k
(
φbφab − 1
2
φaφbb
)
+ c¯a(∂ l∂ l)k∂bcφab − c¯a(∂ l∂ l)k+1cbφab
+ c¯a(∂ l∂ l)k∂acbφb + c¯a(∂ l∂ l)k∂bcaφb
− 2
d − 2 c¯
a(∂ l∂ l)kηabφb − 1
2
c¯a(∂ l∂ l)k∂acφbb
+ 1
2
c¯a(∂ l∂ l)k+1caφbb
− c¯a(∂ l∂ l)k∂bcbφa − 1
d − 2 c¯(∂
l∂ l)kηbbcφa
]
. (39)
Now, after performing the FFBRST transformation the extended ac-
tion for spin-2 conformal ﬁeld, as mentioned in (12), is calculated 
by
Stot + S1[ϕa1a2 ]κ=1
=
∫
ddx
[
Rablin(∂
l∂ l)k−1Rablin −
d
4(d − 1) Rlin(∂
l∂ l)k−1Rlin
− ba(∂ l∂ l)k
(
∂bφab − 1
2
∂aφbb
)
+ 1
u2
(b − ∂aba)(∂ l∂ l)k−1(∂c∂eφce − (∂ l∂ l)φcc) + ba(∂ l∂ l)kba
+ 1
2u2
(b − ∂aba)(∂ l∂ l)k−1(b − ∂cbc)
+ c¯a(∂ l∂ l)k+1ca + c¯(∂ l∂ l)kc − ba(∂ l∂ l)k
(
φbφab − 1
2
φaφbb
)
+ c¯a(∂ l∂ l)k∂bcφab − c¯a(∂ l∂ l)k+1cbφab + c¯a(∂ l∂ l)k∂acbφb
+ c¯a(∂ l∂ l)k∂bcaφb − 2 c¯a(∂ l∂ l)kηabφb − 1 c¯a(∂ l∂ l)k∂acφbb
d − 2 2
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2
c¯a(∂ l∂ l)k+1caφbb − c¯a(∂ l∂ l)k∂bcbφa
− 1
d − 2 c¯(∂
l∂ l)kηbbcφa
]
. (40)
Here we observe that the ﬁnal action obtained in (40) has non-
linear gauge. Therefore, we observed that the FFBRST transforma-
tion relates the generating functionals corresponding to linear and 
non-linear gauges for spin-2 conformal ﬁeld also.
4. Conformal ﬁeld theory in BV formulation
In this section, we extend the formulation using BV technique. 
For this purpose, we need to introduce the antiﬁelds (ϕa1a2.....as′ ) 
corresponding to ﬁelds having opposite statistics in the conﬁgura-
tion space. With the introduction of such antiﬁelds, the arbitrary 
extended quantum action, W [ϕa1a2.....as′ , ϕa1a2.....as′ ], satisﬁes a 
certain rich mathematical relation, the so-called quantum master 
equation [32], which is given by
eiW [ϕ
a1a2 .....as′ ,ϕa1a2 .....as′ ] = 0,
 ≡ (−1)A ∂l
∂ϕa1a2.....as′
∂l
∂ϕa1a2.....as′
, (41)
where A ≡ (a1a2.....as′ ). Therefore, the extended quantum action 
W with different gauge-ﬁxing fermion  are solutions of the 
quantum master equation. We would like to show that FFBRST 
transformation with appropriate choice of ﬁnite ﬁeld-dependent 
parameter relates different solutions of quantum master equation.
4.1. Spin-1 conformal ﬁeld
In terms of ﬁeld and antiﬁelds, the generating functional for the 
spin-1 conformal ﬁeld theory in linear gauge is deﬁned by
Z L[0] =
∫
DφaDbDcDc¯ ei
∫
ddx
[
− 14 Fab(∂l∂l)k Fab−φaL ∂ac+c¯Lb
]
, (42)
where φaL and c¯

L are antiﬁelds corresponding to the φ
a and c¯
ﬁelds respectively with opposite statistics. The above generating 
functional can further be recast compactly as
Z L[0] =
∫
Dϕa1 eiWL [ϕa1 ,ϕ
a1
L ], (43)
where WL [ϕa1 , ϕa1L ] is an extended quantum action (a solution 
of the quantum master equation deﬁned later) for the conformal 
theory in linear gauge and ϕa1L refers to the antiﬁelds generically 
corresponding to the collective ﬁeld ϕa1 (≡ φa, b, ¯c, c).
It is well-known that the antiﬁelds for a gauge theory can ex-
plicitly be computed from the gauge-ﬁxed fermion. For the con-
formal theory in linear gauge the antiﬁelds are computed for the 
gauge-ﬁxed fermion  L = c¯
[
−(∂ l∂ l)k∂aφa + 12 (∂ l∂ l)kb
]
as follow-
ing:
φaL =
δ L
δφa
= (∂ l∂ l)k∂ac¯,
bL =
δ L
δb
= 1
2
(∂ l∂ l)kc¯,
c¯L =
δ L
δc¯
= −(∂ l∂ l)k∂aφa + 1
2
(∂ l∂ l)kb,
cL =
δ L = 0. (44)
δcWith these identiﬁcations of antiﬁelds the extended quantum ac-
tion in (42) coincides with the total effective action (13). However, 
for the non-linear gauge the gauge-ﬁxing fermion is given by
NL = c¯
[
−(∂ l∂ l)k∂aφa − (∂ l∂ l)kφaφa + 1
2
(∂ l∂ l)kb
]
. (45)
The antiﬁelds for the above gauge-ﬁxing fermion are estimated by:
φaNL =
δNL
δφa
= (∂ l∂ l)k∂ac¯ − 2(∂ l∂ l)kφac¯,
bNL =
δNL
δb
= 1
2
(∂ l∂ l)kc¯,
c¯NL =
δNL
δc¯
= −(∂ l∂ l)k∂aφa − (∂ l∂ l)kφaφa + 1
2
(∂ l∂ l)kb,
cNL =
δNL
δc
= 0. (46)
Likewise the linear gauge case, the generating functional for the 
spin-1 conformal theory in non-linear gauge can be written in 
compact form as
ZNL[0] =
∫
Dϕa1 eiWNL [ϕa1 ,ϕ
a1
NL ], (47)
where WNL [ϕa1 , ϕa1NL ] is an extended quantum action (another 
solution of the quantum master equation) corresponding to non-
linear gauge.
Now we construct the inﬁnitesimal ﬁeld/antiﬁeld dependent 
parameter as follows2

′[ϕa1 ,ϕa1] = −i
∫
ddx c¯
(
c¯L − c¯NL
)
. (48)
From this inﬁnitesimal parameter the ﬁnite ﬁeld/antiﬁeld depen-
dent parameter can be calculated using the relation (6). The 
FFBRST transformation with such ﬁeld/antiﬁeld dependent param-
eter leads to the following Jacobian in the integrand of functional 
integral
J [ϕa1a2.....as′ (x)] = ei
∫
ddx
[−φaNL∂ac+c¯NLb+φaL ∂ac−c¯Lb], (49)
which switches the generating functional of spin-1 conformal the-
ory from one gauge to anther.
Therefore, we establish the connection of the different solu-
tions (WL and WNL ) of the quantum master equation at quan-
tum level through FFBRST transformation with appropriately con-
structed ﬁnite ﬁeld-dependent parameter.
4.2. Spin-2 conformal ﬁeld
Introducing the antiﬁelds corresponding to ﬁelds, the generat-
ing functional for the spin-2 conformal ﬁeld theory in linear gauge 
is deﬁned by
Z L[0] =
∫
DφabDφaDφDbaDbDcaDcDc¯aDc¯
× exp
[
i
∫
ddx
(
Rablin(∂
l∂ l)k−1Rablin
− d
4(d − 1) Rlin(∂
l∂ l)k−1Rlin + ϕa1a2L (sbϕa1a2)
)]
, (50)
2 We note in this case that the antiﬁelds depend on ﬁelds as these are expressed
in terms of gauge-ﬁxing fermion. Therefore this ﬁeld/antiﬁeld dependent parameter 
actually depends on ﬁeld only [37].
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φ, ba, b, ca, c, ¯ca, ¯c) ﬁelds generically with opposite statistics. This 
can further be written in compact notation as
Z L[0] =
∫
Dϕa1a2 eiWL [ϕa1a2 ,ϕ
a1a2
L ], (51)
where WL [ϕa1a2 , ϕa1a2L ] is the extended quantum action for 
spin-2 conformal theory in linear gauge.
In the same fashion, we deﬁne the generating functional for the 
spin-2 conformal theory for non-linear gauge in compact form as
ZNL[0] =
∫
Dϕa1a2 eiWNL [ϕa1a2 ,ϕ
a1a2
NL ], (52)
where WNL [ϕa1a2 , ϕa1a2NL ] is the extended quantum action corre-
sponding to non-linear gauge.
We construct the inﬁnitesimal ﬁeld/antiﬁeld dependent param-
eter for this case as follows:

′[ϕa1a2 ,ϕa1a2] = −i
∫
ddx
[
c¯a
(
c¯aL − c¯aNL
)+ c¯ (c¯L − c¯NL)]. (53)
The ﬁnite ﬁeld/antiﬁeld dependent parameter can be evaluated 
from relation (6). The FFBRST transformation with such ﬁeld/anti-
ﬁeld dependent parameter leads to the following Jacobian in the 
integrand of functional integral
J [ϕa1a2.....as′ (x)] = ei
∫
ddx
[
ϕ
a1a2
NL (sbϕ
a1a2 )−ϕa1a2L (sbϕa1a2 )
]
, (54)
which transforms the generating functional of spin-2 conformal 
theory from linear gauge to non-linear. Hence, the connection of 
the different solutions (WL and WNL ) of the quantum master 
equation for spin-2 is established through FFBRST transformation 
with properly constructed parameter. In fact, any two solutions of 
quantum master equation are connected through FFBRST transfor-
mation with different ﬁnite parameter.
5. Conclusions
In this paper we have developed the FFBRST transformation for 
arbitrary spin-s conformal ﬁeld theory. We construct the FFBRST 
transformation by making the transformation parameter ﬁnite and 
ﬁeld-dependent. The parameter is made ﬁnite and ﬁeld-dependent 
by making all the ﬁelds ﬁrst (a continuous constant parame-
ter) κ-dependent and then deﬁne an inﬁnitesimal ﬁeld-dependent 
BRST transformation. After that we integrate the parameter of 
inﬁnitesimal ﬁeld-dependent BRST transformation in the limiting 
values of κ which yields the ﬁnite ﬁeld-dependent BRST parameter. 
The novelty of the FFBRST transformation is that it leads to a lo-
cal Jacobian for path integral measure and this Jacobian amounts a 
change in the BRST exact part of the effective action. Here we note 
that analogous to ordinary (non-conformal) quantum ﬁeld theo-
ries the resulting Jacobians in the case of conformal ﬁeld theories 
are still local in nature. This assures the consistency of general-
ized BRST formulation for CFTs also. For illustration purpose, we 
have considered the spin-1 and spin-2 conformal theories. For such theories we have explicitly constructed the speciﬁc ﬁnite ﬁeld-
dependent parameters. Furthermore, we have found that the Jaco-
bians corresponding to such parameters switch the theories from 
one gauge to another (namely, linear to non-linear gauges). Fur-
thermore, we have established the theory at quantum level by 
analyzing it through BV formulation. In BV formulation we have 
demonstrated that the ﬁnite ﬁeld dependent BRST transformation 
connects the different solutions of quantum master equation for 
both spin-1 and spin-2 conformal theories. Thus our formulation 
will be helpful in estimating the observables of the conformal the-
ory in different gauges.
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